Abstract. Abnormal regulation of long non-coding RNAs (lncRNAs) appears to be a primary feature of numerous types of human cancer. However, the association between the dysregulation of lncRNAs and functional alterations in gastric cancer (GC) remains unclear. In previous studies, we applied microarray and bioinformatics analyses to screen for key lncRNAs from the tumor tissues and matched adjacent non-tumor tissues of 10 patients with GC. There were seven key lncRNAs demonstrated to be significantly different between carcinoma tissues and adjacent non-tumor tissues. In the present study, the expression of these seven selected lncRNAs were validated in 82 patients with GC to further investigate the association between lncRNAs and GC clinical characterization. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) results demonstrated that RP5-919F19, MCPH1 antisense RNA 1 (CTD-2541M15) and urothelial carcinoma-associated 1 (UCA1) exhibited consistent upregulation in cancer compared with adjacent non-tumor tissues, whereas AP000459, LOC101928316, tumor suppressor candidate 8 (LINC01071) and maternally expressed 3 (MEG3) showed consistent downregulation. The results from the microarray and RT-qPCR experiments achieved 100% agreement. A correlation analysis indicated that RP5-919F19, LOC101928316 and MEG3 were significantly associated with tumor differentiation degree, RP5-919F19, UCA1 and MEG3 were significantly associated with lymph node metastasis, and RP5-919F19, CTD-2541M15 and UCA1 were significantly associated with tumor-node-metastasis stage (P<0.05). In addition, it was identified that the differential expression of LINC01071 and LOC101928316 significantly correlated with the age and gender of the GC patients, respectively (P<0.05). The results suggest that the lncRNAs RP5-919F19, LOC101928316, CTD-2541M15, UCA1 and MEG3 are closely associated with the invasion and metastasis of GC, which reveals these indicators as potential specificity biomarkers for the diagnosis, prognosis and classification of GC. Thus, these lncRNAs merit further study as novel candidate biomarkers for the clinical diagnosis of GC and as potential targets for therapy.
Introduction
Gastric cancer (GC) is one of the most lethal types of cancer and has been increasing in incidence and mortality over the last several decades. In China, it has been estimated that ~464,000 new cases were diagnosed in 2012, which accounts for over 40% of the total cases (~989,600) worldwide (1) . According to evidence from clinical studies, the majority of patients with GC are diagnosed at an advanced stage and are thus not suitable for radical surgery (2) . Previous studies have also reported that earlier diagnosis and treatment of GC could produce a 5-year survival rate of >90% (3) .
Recent developments in the field of digestive system endoscopy have been remarkable due to their association with decreased trauma, accelerated recovery and fewer complications (4, 5) . However, endoscopic biopsy and observation of pathological morphology are unable to detect all precancerous lesions associated with early GC (6) . Therefore, improvements in the early-stage diagnosis of GC and identification of sensitive and specific biomarkers for early detection are important research topics. These issues will be resolved by further investigation into the pathogenesis of GC as well as the identification of novel and reliable biomarkers for early diagnosis or molecular therapeutic targets for the treatment of this disease.
Over the past decade, various studies have indicated that the human transcriptome comprises not only of protein-coding mRNAs, but also a large number of non-protein-coding RNAs (7) . Although a large number of studies focus on microRNAs (miRNAs; 18-200 nucleotides), a wide array of critical regulatory roles in biology have been associated with long non-coding RNAs (lncRNAs) (8 tentatively defined as a series of RNA transcripts that are >200 nucleotides in length, have been confirmed as essential regulators in almost all aspects of biology (9) . Accumulating evidence suggests that lncRNAs are important in tumorigenesis (10) . As it is the functional end-product, the level of lncRNA expression correlates directly with the level of the active molecule (11) . Thus, the use of lncRNAs in diagnostics has inherent advantages over the use of protein-coding RNAs. In addition, lncRNAs exhibit greater tissue specificity compared with protein-coding mRNAs and miRNAs, making them appealing in the search for novel diagnostic and prognostic cancer biomarkers (12) . Therefore, further studies on GC tissues from endoscopic biopsy may aid in establishing the associations between lncRNAs and GC. Previous studies have identified a subset of lncRNAs that are associated with GC, indicating their wide participation in the development and progression of GC (13, 14) . However, the biological functions and mechanisms of these lncRNAs remain unexplored (11) . In the present study, differential expression profiles of lncRNAs and mRNAs were detected in advanced GC tissues and adjacent non-tumor tissues by microarray analysis. In addition, the present study aimed to identify the associations between significant differences in lncRNA levels and the clinicopathological characteristics of GC in order to elucidate the specific functions and mechanisms of these lncRNAs during GC development.
Materials and methods
Patients and tissue sample collection. Specimens from 10 patients with advanced GC, as well as their paired adjacent non-cancerous tissue specimens, were included in the lncRNA microarray analysis, and tissues from 82 patients, including 59 males and 23 females aged between 45 and 70 years, were collected for reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis from the Gansu Wuwei Cancer Hospital (Wuwei, China) between September 2014 and May 2015. The present study was approved by the Ethics Committee of the Gansu Wuwei Cancer Hospital. All patients provided written informed consent to participate in the present study. All patients were assigned a diagnosis of GC based on histopathology and clinical history.
In addition, clinical information was recorded for each patient, including age, gender, tumor grade, tumor location, tumor stage, degree of differentiation, tumor-node-metastasis (TNM) stage, lymph node metastasis status and date of resection. The pathologist assessed the tumor by microscopic examination in every case, and the percentage of tumor tissue was estimated to be ≥80%. No patients had received preoperative radiotherapy or chemotherapy. Adjacent non-cancerous tissues were located ≥5 cm from the tumor edge. Tissue samples were immersed in RNAlater (Ambion; Thermo Fisher Scientific, Inc., Austin, TX, USA) and stored at -80˚C until use.
Isolation of RNA. Total RNA was isolated from the GC tissues and adjacent non-tumor gastric mucosal epithelium using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Carlsbad, CA, USA) according to the manufacturer's instructions. The concentration and integrity of isolated RNA was assessed using a NanoDrop 1000 spectrophotometer (NanoDrop Technologies; Thermo Fisher Scientific, Inc., Wilmington, DE, USA). Finally, total RNA integrity was assessed by agarose gel electrophoresis.
lncRNA microarray analysis. RNA samples were isolated from 10 patients by pooling RNA from 2, 4 and 4 patients, respectively, into three groups as 'one sample'. Thus, three pairs of pooled RNA samples were generated from GC specimens and their paired adjacent non-cancerous tissues. These three pairs of RNA samples were subjected to microarray analysis using a RiboArray Custom Array 1 * 90K (Guangzhou RiboBio Co., Ltd., Guangzhou, China), which could detect 32,987 lncRNAs from a number of authoritative data sources, including RefSeq (National Center for Biotechnology Information) (https://www .ncbi.nlm.nih.gov/gene/?term=), H-invDB (http://h-invitational. jp/hinv/ahg-db/index.jsp), UCSC (http://genome.ucsc.edu/) LncRNAdb (http://www.lncrnadb.org/#opennewwindow), and GENCODE LncRNA (https://www.gencodegenes.org). Signals were normalized using the median center tool for the genes. Analysis of variance (ANOVA) was used to compare differentially expressed lncRNAs and mRNAs.
In a previous study, we built an lncRNA-mRNA co-expression network that was based on the theory of competing endogenous RNAs, and the differentially expressed lncRNAs and mRNAs that were selected from GC specimens and their paired adjacent non-cancerous tissues (15) . In the present study, standard selection criteria to identify differentially expressed lncRNAs and mRNAs were established at P<0.05 and fold change >2. The lncRNA-mRNA networks were constructed based on the associations between the differentially expressed lncRNAs and mRNAs in the previous study (15) , and visualized using Cytoscape v3.0 (National Institute of General Medical Sciences, National Institutes of Health, Rockville, MD, USA).
RT-qPCR analysis. GAPDH was selected as the endogenous standard. RT reactions were conducted in two steps. First, the mixture containing 1 µg of RNA samples was incubated in a 96-well plate for 10 min at 70˚C and held at 4˚C. Subsequently, the 11.1-µl mixture, which comprised 4 µl MgCl 2 (25 mM), 2 µl 10X RT buffer (Promega Corporation, Madison, WI, USA), 2 µl dNTPs (10 mM; Promega Corporation), 0.6 µl AMV reverse transcriptase (15 U/µl), 0.5 µl RNAsin, 2 µl random primers, and 6.9 µl ddH 2 O, was incubated in a 96-well plate at 25˚C for 10 min, 42˚C for 15 min, 95˚C for 5 min, and subsequently held at 4˚C.
qPCR was performed to detect the expression levels of candidate lncRNAs with the StepOnePlus™ Real-Time PCR System (Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and GoTaq ® qPCR Master Mix (Promega Corporation), according to the manufacturer's protocol. The total PCR reaction volume was 10 µl and included 1 µl cDNA, 5 µl GoTaq ® qPCR Master Mix, 0.2 µM PCR primers (Shanghai Generay Biotech Co., Ltd., Shanghai, China) and RNase-free water. The reaction was performed at 95˚C for 2 min, followed by 40 cycles of 95˚C for 15 sec, 60˚C for 30 sec and 72˚C for 30 sec. A dissociation curve was analyzed from 60-95˚C. Primers used for real-time RT-PCR as shown in Table I . RT-qPCR relative fold-change results were calculated using the 2 -ΔΔCq method [where ΔCq=(Cq RNAs -Cq GAPDH ); and ΔΔCq=ΔCq tumor tissues -ΔCq adjacent non-tumor tissues ] (16). All experiments were repeated three times.
Statistical analysis. SPSS software version 18.0 (SPSS, Inc., Chicago, IL, USA) was used to perform the data analysis. Results are presented as mean ± standard error. Statistical analysis was performed using a Student's t-test for comparison of two groups in the microarray analysis, and one-way analysis of variance for multiple comparisons with the Student-Newman-Keuls post hoc test. For all comparisons, differences with P<0.05 were considered statistically significant. In addition, a conditional logistic regression analysis was used to evaluate any association between differentially expressed lncRNAs and the characteristics of patients with GC.
Results

Screening of candidate lncRNAs by microarray and bioinformatics analysis.
Previous microarray analysis identified that 1,046 lncRNAs, including 427 upregulated and 619 downregulated lncRNAs, were significantly differentially expressed (fold-change ≥2.0) between advanced GC lesions and adjacent non-tumor tissues. The present study identified key lncRNAs, and a total of 6 key lncRNAs were revealed to be overexpressed in tumor tissues [RP5-919F19, RP11-54O7, RP11-20I23, MCPH1 antisense RNA 1 (CTD-2541M15), AC010731, and urothelial carcinoma-associated 1 (UCA1); Table II ], in addition, there were 8 key lncRNAs were found to be downregulated in tumor tissues [AP000459, LOC101928316, RP11-167N4, tumor suppressor candidate 8 (LINC01071), RP11-111K18, TTC28 antisense RNA 1 (TTC28-AS1), MTOR antisense RNA 1 (MTOR-AS1), and maternally expressed 3 (MEG3); Table II ]. The data also revealed that there were significant differences in the expression levels of RP5-919F19, CTD-2541M15, UCA1, AP000459, LOC101928316, LINC01071 and MEG3 in tumor tissues compared with adjacent non-tumor tissues (P<0.05). Clustering analysis was performed for all 14 abnormally expressed key lncRNAs (Fig. 1) .
Verification of selected lncRNA expression in GC tissues.
RT-qPCR was performed to confirm the reliability and validity of the detected expression levels of the selected lncRNAs in 82 GC tissues and adjacent non-tumor tissues. The results demonstrated that RP5-919F19, CTD-2541M15 and UCA1 showed consistent upregulation compared with adjacent non-tumor tissues, while AP000459, LOC101928316, LINC01071 and MEG3 showed consistent downregulation (Table Ⅲ) . A histogram (Fig. 2) shows the fold-changes detected by RT-qPCR (2 -ΔΔCq ) and lncRNA microarray data. The consistency between the microarray and RT-qPCR data confirms the reliability of the results.
Association between the identified lncRNAs and clinicopathological characteristics of GC.
The associations between the expression levels of the seven selected lncRNAs in GC samples and the clinicopathological characteristics of the patients were analyzed. The results identified that one lncRNA, AP000459, had no statistically significant associations with the following clinicopathological characteristics: Patient gender or age; tumor size or differentiation degree; TNM stage; or lymph node metastasis status. However, the remaining six lncRNAs each demonstrated significant associations with certain characteristics: RP5-919F19, LOC101928316 and MEG3 were significantly associated with tumor differentiation degree; RP5-919F19, UCA1 and MEG3 were significantly associated with lymph node metastasis status; and RP5-919F19, CTD-2541M15 and UCA1 were significantly associated with TNM stage (all P<0.05). In addition, LINC01071 expression was associated with patient age; UCA1 was associated with tumor size; and LOC101928316 was associated with the sex of the patient (all P<0.05; Tables Ⅳ-X).
Association between candidate lncRNAs and the lymph node metastasis of GC. Conditional logistic regression analysis 
Discussion
Although there appears to have been a steady global decline in the incidence of GC and associated mortality over several decades (17) , it is still a disease of substantial incidence and mortality in China, with a large number of patients diagnosed at an advanced stage and with a poor prognosis (18) . Furthermore, endoscopic biopsy and pathological morphological observation cannot detect all precancerous lesions and early stages of GC (19) . Therefore, in order to improve this situation, the identification of the genes and regulatory mechanisms involved in lymph node metastasis has become a research area of increasing interest. In recent years, a large number of lncRNAs have been identified in genetic studies, and have been found to be associated with various diseases (20) .
The mechanisms by which lncRNAs may participate in cancer development are currently being studied (21) (22) (23) . However, lncRNAs in GC have predominantly been reported in Western countries and in Japan, whereas few studies have been performed on Chinese populations (24) . Although the mechanism of GC has been widely studied, the exact pathogenesis of this disease remains unclear (25) . The molecular pathology of GC also varies among populations, mainly due to differential exposures to disease risk factors, including customs and habits, Helicobacter pylori variants, and medical conditions (26) . In the present study, the aim was to establish lncRNA expression profiles for GC in a known high-risk population in Wuwei, north-west China, and to investigate the association between significant differential expression of various lncRNAs and the clinicopathological characteristics of GC. To the best of our knowledge, the present study is the first report on differential lncRNA expression in a population of patients with GC from Wuwei. The results revealed that certain lncRNA expression levels in GC samples differed from those in adjacent non-tumor tissues. Prior to this research, we had detected mRNA expression profiles with a lncRNA-mRNA combined microarray (15) . Through constructing the lncRNA-mRNA co-expression network and with bioinformatics analysis, 14 key lncRNAs were identified, of which the majority were reported for the first time. Our previous research results also revealed that there were significant differences in the levels of RP5-919F19, CTD -2541M15, UCA1, A P0 0 0459, LOC101928316, LINC01071 and MEG3 in tumor tissues compared with adjacent non-tumor tissues (P<0.05). In the present study, these seven lncRNAs were selected for further validation by RT-qPCR in 82 pairs of human primary GC tissues and their adjacent non-tumor tissues. Subsequently, the associations between the expression levels of the seven selected lncRNAs in the GC samples and various clinicopathological characteristics were analyzed. Finally, logistic regression analysis was used to evaluate the association between differentially expressed lncRNAs and the lymph node metastasis status of GC.
In the present study, the results from the microarray and RT-qPCR experiments were in 100% agreement. Correlation analyses of the expression levels of the seven differentially expressed lncRNAs and the associated clinicopathological characteristics were performed. The results identified that six lncRNAs (RP5-919F19, CTD-2541M15, UCA1, LOC101928316, LINC01071 and MEG3) were associated with some of the following clinicopathological parameters: Patient gender, patient age, tumor size, tumor differentiation degree, TNM stage and lymph node metastasis status. Statistics revealed that RP5-919F19, LOC101928316 and MEG3 were associated with tumor differentiation degree, and RP5-919F19, UCA1 and MEG3 were significantly associated with lymph node metastasis (P<0.05), indicating that these lncRNAs are possibly involved in the invasion and metastasis of GC. In addition, logistic regression analysis suggested that RP5-919F19 and MEG3 may participate in the lymphatic metastasis of GC. Thus, the present findings may provide a novel method of exploration that will improve the prediction of lymphatic metastatic status in patients with GC post-surgery. Notably, the abnormal expression levels of LINC01071 and LOC101928316 were significantly associated with the age and gender of the patients, respectively (P<0.05).
An increasing number of studies have also identified a biological link between aberrant expression of lncRNAs and GC (27) . Differential expression of certain lncRNAs, including H19, UCA1, HOTAIR, PVTI, CCAT1 and MEG3, have been hypothesized to be important features of GC (28) . In combining the results of our studies, only UCA1 and MEG3 have been reported previously, and there was limited information available regarding the other lncRNAs.
The LncRNAdb and LncRNA Diseases databases indicated that UCA1, which is located on chromosome 19, comprises three exons. UCA1 was initially found and established in bladder transitional cell carcinoma (29) . A recent study also reported that its expression was markedly increased in GC tissues and cell lines compared with that in the normal control tissues, and that high UCA1 expression correlated with poorer differentiation, tumor size, invasion depth and TNM stage in GC; furthermore, increased UCA1 expression was associated with decreased overall and disease-free survival times of the patients (30) .
The present study identified downregulated levels of MEG3 (which is located on the chromosome 14q32, and acts as a tumor suppressor gene) in GC tissues compared with healthy tissues; MEG3 downregulation is associated with poor prognosis and promotes cell proliferation in GC (31) . These results indicate that UCA1 and MEG3 lncRNAs are important factors in the development of GC, as well as in the invasion and lymphatic metastasis of this cancer type. The present study found that RP5-919F19, LOC101928316 and MEG3 were significantly associated with the degree of tumor differentiation; RP5-919F19, UCA1 and MEG3 were significantly associated with lymph node metastasis status; and RP5-919F19, CTD-2541M15 and UCA1 were significantly associated with TNM stage of GC patients These lncRNAs may prove useful for further study as novel candidate biomarkers in the diagnosis and classification of GC.
The cur rent results indicate that R P5-919F19, CTD-2541M15, UCA1, LOC101928316 and MEG3 are potential novel molecular biomarkers that may be involved in the infiltration and metastasis of GC. In addition, according to epidemiological reports, the incidence of GC significantly increases with age, with a peak age of 50-65 years (32) , and men are 2-3-fold more likely to develop GC compared with females (33) . Thus, the significant associations identified between the differential expression of LINC01071 and LOC101928316 in GC tissues and patient age and gender may be of importance for diagnosis.
In conclusion, the present study revealed that RP5-919F19, CTD-2541M15, UCA1, LOC101928316, LINC01071 and MEG3 are involved in the development of GC. This provides preliminary data that may aid in increasing the understanding of the potential functions of these lncRNAs. The results also suggest that RP5-919F19, LOC101928316, CTD-2541M15, UCA1 and MEG3 are closely associated with the invasion and metastasis of GC, which suggests that these lncRNAs may have potential as biomarkers for the diagnosis, prognosis and classification of GC. Further studies of these targets are required to assess their potential clinical uses.
